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' j METHOD AND DEVICE FOR MACHINING A WORKPIECE 

5 FIELD OF THE INVENTION 

The invention relates to a method for machining workpieces 
by means of a multiaxial manipulator, such as a robot, with 
a tool moved proportionally by a control unit of the ma- 

10 nipulator and which can perform characteristic movements 
with several degrees of freedom. The invention also re- 
lates to a device for machining workpieces suitable for im- 
plementing the aforementioned method comprising a multiax- 
ial manipulator with a control unit for movement control 

15 and a tool, which has a plurality of degrees of freedom for 
performing characteristic movements. 

BACKGROUND OF THE INVENTION 

2 0 When using manipulators, such as industrial robots, for ma- 
chining workpieces, it is also possible to use tools which 
are able to perform characteristic movements with a number 
of degrees of freedom in principle independently of a move- 
ment of the manipulator*. This e.g. applies to industrial 

25 robots, which carry at the distal end of the robot arm a 
laser and controllable focussing optics for the laser ma- 
chining of workpieces. In this case, the aforementioned 
tool can e.g. be a laser cutting tool, a laser welding tool 
or a laser stamping tool, which is equipped with mobile 

30 mirror arrangements so as in this way to permit an active 
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working movement of the laser beam, which is equivalent to 
the aforementioned characteristic movement of the tool. 

The mobile mirror arrangements of such laser cutting tools 
5 are also known as scanner units or galvano units. 

It is known in connection with methods or devices of the 
aforementioned types to use manipulators for the rough po- 
sitioning of the tool in the vicinity of a workpiece to be 

10 machined and subsequently the tool (in the indicated exam- 
ple the mirror and as a result the laser beam) can follow 
or track small scale contours of a predetermined machining 
path. For machining larger scale contours the machining 
process must be interrupted and the manipulator reposi- 

15 tioned. Subsequently the tool located on the manipulator 
again takes over the small scale machining of the work- 
piece. Such a procedure involves a time-consuming stop and 
go process, in which periodically the manipulator is 
stopped and periodically the tool is stopped. This also 

20 leads to unnecessarily large reorientations of the 
(relatively) slow manipulator. 

The known methods and devices for machining workpieces also 
have further disadvantages. Thus, as a rule it is not pos- 

2 5 sible to achieve a constant machining speed on random ma- 

chining geometries, because movements of the manipulator, 
as a result of its greater weight and inertia, always take 
place with a lower speed than the small scale movements of 
the tool, particularly in the case of curves and bends in 
30 the contours. However, in laser methods a constant machin- 
ing speed is a basic prerequisite for high quality machin- 
ing . 

Due to the fact that the prior art manipulator and tool are 

3 5 guided independently of one another from the control stand- 
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point, the teaching process preceding machining is not easy 
to handle and is therefore susceptible to faults and er- 
rors, because for this purpose it is necessary to reprogram 
two controls. In addition, such known methods and devices 
5 cannot be given online or real time characteristics, be- 
cause no paths can be modified at random without the in 
each case other control also having to be reprogrammed. 
For the same reason offline programming is only possible to 
a limited extent. 

10 

Other known methods and devices are restricted to the 
phasewise taking into account of a uniform linear movement 
of the manipulator, e.g. a conveyor belt or portal welder 
and are superimposed on the characteristic movements of the 
15 tool. Such methods and devices reach their limits when ma- 
chining complex, randomly shaped surfaces and contours. 

Whilst avoiding the aforementioned disadvantages, the prob- 
lem of the invention is to improve a method and a device of 

20 the aforementioned type with regards to an optimum movement 
of the manipulator and the tool when machining randomly 
shaped workpieces and the further development of a device 
of the aforementioned type to be brought about is also to 
be characterized by real time adaptability and simplified 

25 handling, particularly when setting up machining processes. 

SUMMARY OF THE INVENTION 

In the case of a method of the aforementioned type, this 
3 0 problem is solved in that the degrees of freedom of the 

tool are evaluated together with the degrees of freedom of 
axes of the manipulator in real time for moving a tool tip 
(TCP) in accordance with a predetermined machining geometry 
and for the determination of a movement of the manipulator. 
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According to the invention, the aforementioned machining 
geometry can be a simple, continuous geometry, i.e. a ma- 
chining path. However, a machining on an only portionwise 
5 continuous geometry, i.e. having a so-called step function 
or on a mixed form of the two geometries is also possible. 

Thus, according to the invention, particularly in the case 
of a laser machining of workpieces with the aid of a scan- 

10 ner, the given, much faster positionability of the laser 
beam compared with conventional laser welding methods can 
be used in such a way that shorter, component - optimized 
movement paths of the manipulator are possible. In this 
connection results in particular an enormous speed advan- 

15 tage on avoiding a reorientation of axes of the manipula- 
tor. As a result of the real time integration of the tool 
movement different movement paths of the manipulator lead 
to identical machining paths on the workpiece, so that com- 
pared with the prior art the inventive method is character - 

20 ized by a much higher flexibility in use. In addition, the 
combined evaluation of movements of the manipulator and the 
tool lead to simplified teaching and operating processes. 
Preferably evaluation takes place by the manipulator con- 
trol unit. 

25 

In the case of a device of the aforementioned type the 
problem is solved in that the tool and a tool tip (TCP) , 
during the machining of the workpiece, are movement - 
controllable by the control unit of the manipulator. Thus, 
30 it is possible to take account of the tool position at the 
time of path planning for the manipulator, so that the de- 
vice according to the invention can be programmed offline. 

According to a further development of the method according 
3 5 to the invention, for a movement control of the tool tip at 
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least coordinates of a predetermined machining geometry 
must be read into a control unit of the manipulator, e.g. 
by a so-called teach-in. Such a machining geometry can be 
simply performed offline by means of a teaching device. 

5 

According to a preferred development of the method accord- 
ing to the invention, subsequently the machining geometry 
is discretized to a sequence of discreet coordinate values 
with an identical time interval (cycle time) between suc- 
10 cessive values. The cycle time, the so-called IPO cycle 

(interpolation cycle) , is freely selectable in a wide range 
as a function of the electronic components used in the con- 
trol unit, e.g. between 100 (as and 12 ms . 

15 Preferably the coordinate values of the machining geometry 
are stored, prior to machining, in a memory unit associated 
with the control unit. Thus, preferably the coordinate 
values of the machining geometry are in each case entered 
in a data bank at the times determined by the IPO cycle. 

2 0 Thus, the data bank contains e.g. the time information of 

the IPO cycle as well as a desired position value allocated 
in each cycle time for the predetermined machining geometry 
in appropriate coordinates, e.g. Cartesian coordinates. 
The values stored in the memory unit can be polled or in- 

2 5 terrogated for the movement control of the manipulator 
and/or the tool by interpolation. 

According to a particularly preferred development of the 
inventive method, with the coordinates of the machining ge- 
30 ometry are associated deviation values in the form of cor- 
rection values, which correspond to maximum amplitudes of 
the characteristic movements of the tool with respect to 
its degrees of freedom. In this way a type of "mobility 
tube 11 is defined around the machining geometry and corre- 
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sponds to the area on the workpiece, which, on the basis of 
an assumed position on the machining geometry and as a re- 
sult of a characteristic movement of the tool, can be 
reached and machined by the latter. In the inventive 
5 method preferably a movement path of the manipulator is de- 
termined by the control unit in that an instantaneous coor- 
dinate difference between the machining geometry and a po- 
sition of the tool tip is no larger than the maximum ampli- 
tude of the corresponding characteristic movement of the 

10 tool. Thus, the actual movement path of the manipulator 
can be chosen in such a way that it is to a greater or 
lesser extent of a random nature within the above-defined 
mobility tube, so that the movement path can be as short as 
possible and correct for the component. Prior to machin- 

15 ing, the movement path can be stored as a predetermined 

' movement path of the manipulator in the memory unit associ- 
ated with the control unit. However, according to the in- 
vention, such a predetermined movement path is not fixed 
and instead during machining can be modified so as to match 

20 the characteristic movements of the tool in real time. 

According to a further development of the method according 
to the invention, individual coordinates of the movement 
path of the manipulator and as a function thereof a posi- 

25 tion and orientation (pose) of the tool at the cycles of 

the coordinate values of the machining geometry are deter- 
mined. Thus, through the difference of the stored coordi- 
nate values of the machining path predetermined in the IPO 
cycle and the movement path of the manipulator determined 

3 0 in the same IPO cycle, the corresponding desired movement 

values for the degrees of freedom of the tool are obtained, 
e.g. for the mirror movements of a scanner system. Accord- 
ing to the invention, they are transferred in real time to 
the scanner system. 
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According to the method of the invention the movements of 
the manipulator and the tool can be determined between the 
cycles by interpolation. The coordinate values determined 
5 in the IPO cycle can be adapted with the aid of suitably 
set up calculating means with respect to their determina- 
tion frequency to the given configuration of the movement 
path or the machining geometry. Preferably, according to 
the inventive method, the cycle time is at least periodi- 
10 cally adapted to at least one parameter of the movements. 
Said parameters can e.g. be a path curvature in space, so 
that during a linear movement less coordinate values are 
determined, because there can be a path planning by ex- 
trapolation . 

15 

According to a highly preferred development of the inven- 
tive method, the movement of the tool tip takes place with 
a largely constant speed, so that it is possible to ensure 
a decisive prerequisite for the use of the inventive method 
20 in a high quality workpiece machining operation, e.g. by 
laser action. 



The device according to the invention is characterized in 
that either the workpiece or the tool, during machining, is 

2 5 connected to and movable by the manipulator. Thus, when 

using the device according to the invention, it is possible 
for a workpiece to be machined to be taken up by a suitably 
constructed manipulator, such as a six-axial industrial ro- 
bot and to supply it to a separately positioned and fixed 

30 tool for machining and which is only control - connected to 

the manipulator (external TCP technology) . However, it can 
be more economical from the method standpoint to directly 
fit the tool to the manipulator and move it together with 
the latter over the workpiece. 
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According to a preferred development of the device accord- 
ing to the invention, the latter has a memory unit associ- 
ated with the control unit of the manipulator for storing 
5 at least a discretized sequence of coordinate values for a 
machining geometry on the workpiece, e.g. a volatile work- 
ing memory or a permanent memory. For the further process- 
ing of such an of f line-predeterminable coordinate sequence, 
the inventive device preferably has a determination unit 
10 for determining deviations for the coordinate values of the 
machining geometry corresponding to amplitudes of the char- 
acteristic movements of the tool. 

The device according to the invention preferably also has 
15 determination means for the dynamic determination of a 

relative pose between the tool tip and a sum of the coordi- 
nate values of the machining geometry and the associated 
deviations . 

2 0 According to the invention, the movement of the tool tip 
takes place within the space area (mobility tube) deter- 
mined by the sum of the coordinate values of the machining 
geometry and the associated deviations. In this connection 
the inventive device has, according to a highly preferred 

2 5 further development, processor means which are programmed 

and set up for time and/or space optimization of an instan- 
taneous movement of the manipulator using the degrees of 
freedom of the tool, because as a rule the tool movements 
can be performed more rapidly as a result of the lower 

3 0 weight or lower necessary movement amplitudes than corre- 

sponding, equivalent movements of the manipulator. It is 
consequently no longer necessary to move the manipulator at 
all times essentially on the requisite machining geometry. 
Instead the machining device can be in advance or trail be- 
35 hind the machining geometry, so that the manipulator posi- 
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tioning times can be greatly reduced, which has a positive 
effect on the overall machining time. 

In addition, the leading or trailing of the tool, e.g. the 
galvano mirror, particularly in machining geometry curves 
gives rise to significant advantages, because in this way 
it is also possible to traverse narrow or confined movement 
radii without speed breaks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages can be gathered from the 
following description of embodiments of the invention given 
in exemplified form relative to the attached drawings, 
wherein show: 

Fig. 1 An embodiment of the inventive device in the 



form of a six- axial industrial robot with a 



laser machining tool located at the distal 



end of the robot arm. 



Fig. 2 



A diagrammatic representation of the 



deflection of a laser beam used for work 



piece machining through the scanner system 
optics . 



Fig. 3 



A continuous machining geometry (machining 
path) for a workpiece with superimposed 
manipulator path movement. 



Fig. 4 



The machining path according to fig. 3 with 
a different superimposed manipulator path 



movement . 
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Fig. 5 A diagrammatic representation of a portion- 

wise, continuous machining geometry (step 
function) with an associated manipulator 
path movement. 

5 

Fig. 6 A flow chart of the workpiece machining 

method according to the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a device 1 according to the invention with a 
manipulator 2 in the form of a six-axial industrial robot, 
which on the distal end 2.2 of its arm 2.1 is provided with 
a tool 3 for machining a workpiece 4. The robot 2 is con- 
structed for movements in space with up to six degrees of 
freedom Fi to F 6 . 

In the embodiment according to fig. 1, the tool 3 is a la- 
ser machining tool with an integrated scanner system to be 
20 described in greater detail hereinafter relative to fig. 2. 
As is diagrammatically shown in fig. 1, the workpiece 4 is 
machined by a laser beam 5, which is emitted by the tool 3 
or is part of said tool and acts on the workpiece 4 . 

2 5 For movement control purposes the device 1 according to the 
invention has a control unit 2.3, whose control signals are 
transmitted by means of a transission medium 2.8, such as a 
field bus, real time ethernet or firewire to the tool 3 
and/or the robot 2 . 

30 

The control unit 2.3 incorporates further functional units, 
namely a memory unit 2.4, e.g. a working or permanent mem- 
ory, a determination unit 2.5, further determination means 
2.6 and processor means 2.7, which will be described in 
35 greater detail hereinafter relative to fig. 3. 
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In the case of known devices of this type it is conven- 
tional practice to at least roughly position the tool 3 in 
the vicinity of the surface of the workpiece 4 to be ma- 
5 chined by moving the robot 2 and subsequently the residual 
movements still necessary for machining the workpiece 4 are 
performed by characteristic movements of the tool 3 and 
corresponding movements of the laser beam 5. A movement 
control of the robot 2 and the tool 3 takes place subs tan - 
10 tially independently of one another and leads to most of 
the disadvantages mentioned hereinbefore. 

Fig. 2 diagrammatically shows the internal structure of the 
tool 3 of fig. 1. For diverting the laser beam 5 it is 

15 equipped with a scanner system 3.1 comprising mirrors 3.2, 
3.3 and associated drives 3.4, 3.5. The mirrors are fol- 
lowed in the optical path by a focussing optics 3.6. The 
tool 3 also comprises a control unit 3.7, which receives by 
means of the transmission medium 2.8 signals from the con- 

20 trol unit 2.3 (fig. 1) for controlling the drives 3.4, 3.5 
and for the real time adjustment of optics 3.6. 

With the aid of the rotary mirrors 3.2, 3.3 and the focuss- 
ing optics 3.6, quasi -random machining geometries B in 

25 space can be followed in a specific area predetermined by 
the maximum amplitudes of the characteristic movements of 
the mirrors 3.2, 3.3 and/or the focus shift of optics 3.6. 
The three degrees of freedom of the tool movement, in the 
embodiment of fig. 2 the movement of the laser beam 5 on 

3 0 the workpiece 4, are designated F 7 to F 9 in fig. 2. On 
workpiece 4 said degrees of freedom F 7 -F 9 in the chosen 
representation according to fig. 2 correspond to Cartesian 
shifts in the X, Y and Z directions, as is shown in the 
lower part of fig. 2 in a representation tilted compared 

35 with the remainder of fig. 2. In particular, the Z direc- 



12 

tion corresponds to focussing degree of freedom F 9 of tool 
3 . 

A coupling- in E of laser energy takes place in the vicinity 
5 of a coupling in unit 3.8, which can be located as an al- 
ternative to the construction shown in fig. 2 outside the 
tool 3 in the vicinity of the fifth or sixth robot axis. 

Fig. 3 diagrammatical ly shows a simple, continuous machin- 
10 ing geometry implementable with the device and method ac- 
cording to the invention, i.e. a movement path B of the 
tool tip (TCP) in the form of a cruciform contour, e.g. for 
the laser inscription of the surface of a workpiece 4. In 
fig. 3 on the machining path B is superimposed a movement 
15 path B' of the robot 2 (fig. 1) or the distal end 2.2 of 

the robot arm 2.1, to which can be fixed the tool 3. Par- 
ticularly in areas 6, 6 1 , where there is a significant 
change to the course of the machining path B, i.e. at the 
corners or edges of the machining path B, the movement path 
20 B' of the robot has a course B 1 clearly differing from the 
machining geometry B. 

Throughout the machining the robot movement B 1 is within a 
space area B" ("mobility tube", hatched in fig. 3), which 

2 5 on all sides surrounds the movement path B and whose diver- 

gence AB from the machining path 3 in each case corresponds 
to a maximum movement amplitude of the tool 3 in its three 
degrees of freedom F 7 -F 9 (cf. fig. 2). 

3 0 The points P along the machining path B, whereof some are 

shown on a larger scale in the upper part of fig. 3, repre- 
sent the interpolation cycle (IPO cycle) of the control 
unit 2.3 of the inventive device 1 (fig. 1). In the em- 
bodiment of fig. 3, the IPO cycle has a time slot pattern T 
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of e.g. T=2 ms . The regular sequence of points P along the 
machining path B indicates that in accordance with the in- 
vention the workpiece 4 is machined with a constant machin- 
ing speed. In known machining devices or methods the move- 
5 ment path B 1 of the manipulator 2 essentially corresponds 
to the predetermined machining path B. Particularly in ar- 
eas 6, 6' where there is an abrupt direction change of the 
machining path B, this leads as a result of the necessary 
repositioning of the relatively inert axes of the manipula- 
10 tor 2 to machining only being possible at a reduced speed 

in these areas. Therefore the points P in a representation 
corresponding to fig. 3 move closer together in these areas 
6, 6'. This significantly increases the machining time t 
for a given workpiece 4. 

15 

According to the invention, this disadvantage is obviated 
in that as a result of the combined real time movement con- 
trol of manipulator 2 and tool 3, the negative inertia ef- 
fect of the robot axes is compensated in that they lead or 

20 trail in their movement B.' in given areas 6, 6 1 with re- 
spect to a predetermined machining path B and possibly di- 
verge therefrom, whilst the following of the machining path 
B in these areas 6, 6 1 is ensured by characteristic move- 
ments of the tool 3 , which can regularly be performed at a 

25 higher speed. Thus, in difficult areas of the machining 
contour, the manipulator 2 reduces the length of its path 
movement B' and leaves the following of the machining path 
B" in these areas to the tool 3, so that the machining 
process as a whole is not negatively influenced by the in- 

30 ertia of the manipulator 2. 

The machining path B is stored in the memory unit 2.4 of 
the control unit 2.3 of the inventive device 1 shown in 
fig. 1 in the form of coordinate values spaced in time from 
35 one another by the value T. For determining the mobility 
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tube B" use is made of the determination unit 2.5 also 
shown in fig. 1. For the time and/or space optimized move- 
ment control of the manipulator 2 within the mobility tube 
B" are provided the processor means 2.7 shown in fig. 1, 
5 which cooperate with the determination means 2.6 by means 
of which by the dynamic determination of a relative pose 
(location and orientation) between the tool tip of the in- 
ventive device and a sum of the coordinate values of the 
machining path B and the associated deviation AB, it is en- 
10 sured that despite dynamic adaptation of the robot movement 
B' and/or the characteristic movements X, Y, Z of the tool 
3, the machining path B is maintained at all times. 

For this purpose, following the optimization of the move- 
15 ment path B' , the control unit 2.3 (fig. 1) supplies 

adapted control signals to the control unit 3.7 of tool 3. 
Thus, the characteristic movement X, Y, Z of the tool 3 can 
"supplement" the movement path B' of the machining path B. 

20 Fig. 4 shows another possible movement path B ! of the ma- 
nipulator 2 for following the predetermined, cruciform ma- 
chining path B of fig. 3. In the embodiment of fig. 4 use 
is exclusively made of the area of the machining tube B" 
located within the contour of the machining path B. Such a 

25 movement guidance of the manipulator 2 is particularly ad- 
vantageous if it is not possible to implement lengthier ro- 
bot movements B 1 due to external obstacles or in some other 
way a particularly component - optimized movement path B 1 is 
necessary or sought. 

30 

Fig. 5 diagrammatical ly shows the use of the method and de- 
vice according to the invention when machining a workpiece 
when the tool tip no longer follows a simple, continuous 
path on the workpiece. The machining geometry J of fig. 5 
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is a sequence of portionwise continuous geometry parts Bj, 
Bj. within the framework of a so-called step function. Be- 
tween the continuous parts Bj, the tool tip performs a s.tep 
movement J 1 , which takes place with a 100 to 1,000 times 
5 higher speed than the machining movement during that on the 
parts Bj, Bj., so that no processing time is lost. In step 
functions, it is possible to jump random machining geome- 
tries (also in three dimensions) with a robot movement from 
the last worked path function (machining mode with simple, 

10 continuous path) . As the jumps or steps only have a lim- 
ited time duration (a few ]is) , it is possible to reduce the 
laser power during the steps solely through ramps instead 
of completely switching it off. As the steps take place at 
a higher speed than the machining movements (see above) , no 

15 laser tracks can be seen on the workpieces. The geometries 
can differ between individual steps or jumps, so that it is 
also possible to produce inscriptions or graphics. Another 
example for the use of step functions is a sequence of iso- 
lated, i.e. spatially separated welding spots. 

20 

By means of a flow chart, fig. 6 shows the sequence of an 
inventive machining method by means of an industrial robot 
2 equipped with a laser machining tool 3. The control 
method illustrated in fig. 6 inventively takes place in the 

25 control unit 2.3 of the manipulator 2 shown in fig. 1. The 
starting point of the method in stage SI is a determination 
of the robot type (number of axes) , and optionally of the 
coordinate system used for movement control (e.g. Cartesian 
system) . Subsequently in stage S2 an interrogation takes 

30 place as to whether the laser machining tool 3 used has 

three independent degrees of freedom of the movement, here 
specifically two mirror axes F 7 , F 8 and a focal axis F 9 . If 
the interrogation S2 is negated (n) , there is a movement of 
the tool axes in accordance with the prior art, as desired, 
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synchronously or asynchronously with respect to the robot 
movement S3. Otherwise in stage S4 an interrogation takes 
place as to whether a synchronous tool control (mirror - 
focus control) is to be taken over by the control unit 2.3 
of robot 2. In this case in stage S5 the interrogation 
takes place as to whether a movement coordination is to 
take place between the robot and tool . 

A synchronous tool control according to stage S4 is under- 
stood to mean a master path planning, which communicates to 
the robot and the mirrors in synchronous manner the posi- 
tions to be approached. This e.g. takes place in the IPO 
cycle through an external computer in stage S6 (see below) , 
which synchronously gives the cycle for both movement con- 
trols (robot and tool) . 

In the movement coordination according to stage Sf , the po- 
sition system of the mirror control is placed on the three 
dimensional tool data system (TCP coordination) of the ro- 

2 0 bot. 

If one of the two interrogations S4, S5 is negated, then in 
stage S6 there is a coordination and a movement guidance of 
the axes through an external, not shown control unit. 

25 

If both interrogations S4 , S5 are affirmed, then in stage 
S7 there is a further interrogation to establish whether 
the predetermined machining path B is identical with an ac- 
tion path, here a laser path. In the case of path func- 

3 0 tions, i.e. machining modes with continuous machining ge- 

ometry, the machining path is generally outside the robot 
path in order to utilize the mirror speed advantages. How- 
ever, a machining mode is also possible where the machining 
geometry is quasi on the robot path and machining only 
3 5 takes place of corners or a few radii of the contour in a 
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"slide -over mode" of the TCP movement. The robot passes 
along a movement path, which e.g. "cuts off" the corners of 
the machining contour, much as shown in fig. 3 at reference 
numeral 6, and the robot path can also be arcuate in space 
5 ("slide-over sphere"). The mirrors approach as the move- 
ment path the intended, taught reversal point, i.e. the 
corner or angle point. With regards to the machining con- 
tour, there can be a corner or angle in this point, which 
is located freely in the three dimensional space as a func- 

10 tion of the previously and subsequently given points. If 

interrogation S7 is negated, it is possible in stage S8 and 
within the framework of so-called step functions to allow 
individual, defined deviations from a machining path (fig. 
5) . In this case, directly following stage S9 there is a 

15 coordinated movement of the tool (scanner) 3 and manipula- 
tor 2 . 

If in stage S7 an identity between the machining paths B 
and laser path has been affirmed, stage 31, in place of the 

20 above -described stage S8, there are successively the fol- 
lowing method stages S8.1 to S8.4: Firstly in stage S8.1 
the machining path B (and the laser path) are broken up 
into discreet point or dot sequences of coordinate values 
on the basis of a time slot pattern proportional to the at- 

25 tainable IPO cycles of the manipulator 2 or its control 

unit 2.3. This specifically means that the coordinate val- 
ues of positions in each case successively assumed in a 
time interval T (fig. 3) are determined and filed in a mem- 
ory unit 2.4 of the control unit 2.3, e.g. in the form of a 

3 0 data bank. Then in stage S8.2 for each IPO cycle a path 
difference between the predetermined machining path and a 
taught robot path is determined and its coordinate values 
can also be stored in the memory unit 2.4 of the control 
unit 2.3. The mobility tube B" described relative to fig. 



18 

3 is calculated in stage S8.3 in determination unit 2.5 
(fig. 1) for the predetermined machining path B. 

In stage S8.4 the path differences are then compared by de- 
5 termination means 2.6 with the maximum permitted deviation 
AB from the machining path B and then the taught path move- 
ment of the manipulator and as a function thereof the char- 
acteristic movements of the tool, i.e. the mirror positions 
and laser focus are optionally adapted in such a way that 
10 the movement path B' of the robot is located within the mo- 
bility tube B n defined in fig. 3. 

In stage S8.4 an automatic minimizing means ensures for the 
IPO points P (figs. 3 and 4), that in sections of the move- 

15 ment path B where there is no or only an insignificant 

change to the machining speed or a direction of the machin- 
ing path B, working takes place with a minimum number of 
IPO points (coordinate values) and correspondingly longer 
IPO cycles. It is possible in this way to move the manipu- 

20 lator 2 faster with extrapolated coordinate values in these 
areas . 

The operation of the automatic minimizing means is based on 
reducing the IPO points on the robot path. For example, 

2 5 only two support points are required for a linear movement 
of the TCP. In close curves with a high speed and e.g. a 
high necessary precision, a large number of path support 
points are required in the IPO cycle. If the path speed or 
path precision to be attained is reduced, possibly fewer 

30 path support points on the robot path are sufficient. The 
automatic minimizing means is a function of the desired 
system precision and chooses offline the maximum necessary 
path support points on the robot path. However, the mir- 
rors are approached with a multiple of the IPO cycle. 
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Stage S8.4 is followed in stage S8.5 by an interrogation as 
to whether additional machining geometries are to be ap-. 
proached away from the actual machining path B. This is 
5 understood to mean that if a device according to the inven- 
tion follows path functions, such as longer seams (also 
away from the robot path) , the next machining mode can be a 
step function, followed by a longer seam (i.e. a path) etc. 
Door corners are e.g. welded as a seam, followed by five 

10 bracket -like edges replacing welding spots. In this way it 
is possible to mix path functions and different geometries, 
e.g. lines, circles, brackets, letters, ASCII symbols and 
the two and three-dimensional geometries which can be pro- 
duced from them. If the interrogation is affirmed, the 

15 above -explained stages S8 and S9 are performed, otherwise 

directly at S8.4 or S8.5 commences the coordinated movement 
of tool 3 and robot 2 in stage S9 . 
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